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A comparative study of the roots of Rannnculaqea}.

FRED. B. MAXWELL.

WITH PLATES II—1V,

(Continued from p. 47.)
V. A study of the meristem.

In the studies thus far made, the roots of Ranunculacee
have all been assigned to one type, as regards their apical
meristem structure, this being Erickson’s third type and Janc-
tewski's fourth. My investigations indicate that the roots
do not all follow this type, some agreeing with Janczewski's
third type, and on account of a modification of structure for
:wo species, I have provisionally formed another subsidiary
ype.

[ have not thought it necessary to describe and figure the
meristem of each particular species, but will define the type,

describe one representative species under it and then name
the other species found to agree with this type.

e N!Y first type includes roots having three primary meri-
stem tissues, the plerome, the periblem, and, in Erickson's
phrgse, the dermocalyptrogen, the root-cap and epidermis
h{:-‘:mg 4 Common origin. This will be seen to be Janczew-
3.'5 third type, corresponding to Erickson’s first type for

‘Cotyledons. As an example of this type I describe the
root tip of Ranwunculus sceleratus.® In this
mis can be traced from above the root-cap,
layer at g beneath its:} layers, and ending as a distinct
e l? Pgmt near th.e tlp. of the central cyllndfzr, as shown
derach - lgure: at this point the cells lose their epidermal

¢r, divide and merge into the tissue of the root-cap;

th - - . - -
:l: DX, however' 1S distinct from the tissues on either
Side even at th

thence passing

presents an initial group of its own; like-
cylinder is distinctly separated from the cor-
Ous endodermis, its initial group consisting

the tip, thus presenting, as already pointed

4 pl ; . O
group fgret‘;)é“e'.ﬁl. a periblem, p, and a combined .ml#

d. The heplden.nis and root-cap, the dermocalyptrogen,
Other Species found to agree with this in structure

We: R cipes :
B a e ASRINs, R, aquatilis var. trichophyllus, Clematis
! g -
Plate 1y, fig. 30. - B
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verticillaris and probably R. repens, R. bulbosus and K. fur§
cicularis, though in the last three species the roots at the
very tip show to a certain degree a blending of tissues and
perhaps the plerome and periblem could be said to coalese
with the dermocalyptrogen and so belong to Erickson’s thit
type. He certainly says R. repens belongs there, but m
sections would indicate that the plerome and periblem W
distinct in origin though slightly confused by later growth §
The roots of two plants examined differed from the i
type only in that the epidermis can be traced as a distind
layer entirely about the periblem, whiie in the first type ﬁ'
epidermis ended as a distinct layer before the vegealiti
point was reached. In this, as in the first type, the rootGig
is derived from the epidermis, for though the epidermis &
be traced entirely around the vegetative point, it gives
layers of cells which are distinctly a part of the root-ci
This variation from the first type is so slight as to warrant®
at most in simply establishing a subsidiary type. The st
ture for this subsidiary type is shown for Ranunculus Pf"
sylvanicus in plate 1v, fig. 31. The epidermis 18 distin
traced both by its peculiar appearance and by being @ co¥
tinuous, unbroken layer entirely about the tip of the cortes
the origin of root-cap cells from this layer is indicated &/
and & of the figure; the cortex is of several rows of
which are reduced to two at the tip and do not coalesce '
either the epidermis on one side or the central cylindeff
the other. Thus we find a distinct plerome, 2/ and
blem, p, and a combined dermocalyptrogen, de. It :
from the first type only in that the epidermis does not*®
its identity, though giving birth to the root-cap by ‘5%
division on its exterior side. The only other plant I CFM
place in this provisional type is R. acris. Other species |
doubt referred to the first type may possibly belong 02
subsidiary type. A

-

2. My second main tvpe corresponds to Ericksons g
type in which all the tissues merge into one at the Ves >
point, that is, the initial group is a common one for all
sues. As an example of this type I have taken the ro0is
of Aconitum Noveboracense.® In this root the epidefiy
seen to be of cells which are larger than the other Ct?u’"f

root tip, and can be traced from above the root cap, =
! Plate 1v, figs. 32, 33. : -
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beneath its upward projecting layers, but ending as a distinct
layer at about 1™ from the tip of the central cylinder, repre-
sented at @ in the figure. Here the layer loses its epidermal
character and divides to merge into the tissues of the root
cap, as in the first type, the cortex of several rows of cells
could be traced as distinct layers to within about 5" of the
tip of the central cylinder where they divided irregularly and
dppeared to coalesce with the epidermal?® and root cap tissues
of this region, as shown at & in the figure, the central cylinder
as bqunded by the endodermis was distinct to within a small
raction of a millimeter from the tip, where its rows of cells
ended as distinct rows and its tissues merge into those of the
cortex, as shown at 7 in the figure. Thus we see that all the
tnssucs‘ fun together at the vegetative point and the initial
sTOUp Is a2 common one.

itslnva:hls [tbype I also include : 472677107:3 Virginiana apd
acutiloba aHa,t .quf(za alba, A. spicata var. rubra, Hepatica
deniis 7'}0[}. ’lfobfl, g zmzczﬁzga racemosa, Hydrastis Gana-
N'mcu/'us = ;It.; axus, T /zalzcz‘rz{m (z’z.ozczmz, and perhaps KRa-
e perible{; Zl ronalis, though in th1§ Ia}tter case t.he ple.:rome
| Most appeared to be distinct, and if so it be-

¥

type to which the Ranuncuiacee

ly ones, as far as I have been able to find, who

es th m of any of the Ranunculacew, and
this Country, €y studied were mainly those not found in

. o .
tain scctionsfotfhti “Pecies taken for study, I was unable to ob-
© Vegetative point that showed the meristem

%*

D —— —
——

in this ac :
i;ext‘lelxﬁ 48 In most of the roots studied stained differently and
lissue. 4Ppearance, and could easily .be distinguished from

is
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structure, some on account of the very minute root tips #
Anemone thalictroides and Coptis trifolia; others failed of s
cess since the material first gathered proved to be poora
then the ground had become frozen and I was unable tos
tain more material. Among these latter plants, are ZThalichn
polygamum, Anemone Pennsylvanica, Ranunculus rvecuria
Clematis Virginiana, Aguilegia Canadensis and Col¥
palustris.

The assigning of the species to the types as I have plas
them may be but provisional, for though I had sections of &
eral root tips from each species in almost all cases, yet S0
times two sections from different roots of the same spes
did not appear exactly alike in their terminal structure,
study of a greater number of roots might necessitate Ch{!‘
ing some plants from one type to another, but they cer#

do not all fall under one type of structure,* as indicated
Erickson.

VI. Summary.

1. Changes through secondary growth. .

In discussing the differences found in the several Spe
Ranunculacee examined, I have made three types of stris
on the basis of the changes taking place through seco®
growth.

First, those plants which show no marked change of
structure, the primitive radial type of structure peE®
in the older roots. In this class I include Kand®=
acris, R. Pennsylvanicus, R. recurvatus, K. Sf}’”",m
R. hispidus, R. fascicularis, R. bulbosus, R. ”U‘” ‘
circinatus, R. aquatilis var. trichophyllus, Hepatica 4%
H. triloba, Aconitum Noveboracense, Trollius laxus,
Caltha palustris.

Second, those plants showing a greatly marked chas {
the bundle area through growth of secondary xylem "
which by their great development conceal the primitive
al type as found in the younger roots. To this class *
Clematis Virginiana, C. verticillaris, Ci mictfugd 1
Actea alba, A. spicata var. rubra, Anemone V. if'l"
its var. alba, A. Pennsylvanica, Coptis trifolta, Hyat™
Canadensis and Ranunculus sceleratus. -

Third, those plants which show in the older "°°t""

‘My study has all been upon the mature root.
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development of the central cylinder and a corresponding de-
crease of the cortex region. This change is partly brought
about by the increase of conjunctive parenchyma in the cen-
tral cylinder, the xylem being all collected at the center an.d
the phloem in several scattered rays radiating from this
center.  But the decrease in the cortex region of the oldest
roots is mainly due to exfoliation, the epidermis and in some
cases all but two rows of the cortex cells being thrown off, so
that the endodermis, consisting of many very small regular
cells whose walls are generally cutinized, now serves the pur-
pose of an epidermis. This exfoliation was especially noted
in the Thalictrums studied. In this type are placed but four
of the plants that came under my study, viz.: Zhalictrum

d"f{"( wm, 1. polygamum, Anemonella thalictroides and Aquil-
‘fia Canadensis.

2. Meristem of vegetative point.
I 'have found that the roots of the Ranunculacewe do not all
fall under one type of apical meristem structure, but that there

are twf) main types and a possible subsidiary type to be recog-
mzcc} In these roots,

€rmocalyptrogen. In this type I have placed
"eulus sceleratus, R. ctreinatus, R. agquatilis var. tricho-

f")’l{us, Clematis vertictllaris, and probably R. repens, R.

fascicularis ang R. bulbosus.

is 2 dfila.ry type, like the first type except that the .epiderfnis

though 'S.t'.nCt !ayer entirely about the vegetative point,

init; fl stving birth to the root-cap and so having the same

Vegetar; YPe in which all the tissues coalesce at t.he

mupatw;}?.omt' having but one, and this a common, initial
< v type i ecies

Mudied and ;s YP€ Includes the greater number of sp

Clude the R the type in which Erickson and Flahault in(-i-
oy a” | » -
‘0 this type ar:":;"[“"fw studied by them. The species place

and jts v conitum Noveboracense, Anemone V. irginiana,
'tm'loéaa';{a[tba.:, Actea alba, A. Spicata var. rubra, Hepatica

s s t00a, Cimicifuga racemosa, Hydrastis Cana-
NS, Trolliy: Jug , Hy

laxis v 1halictrum dioicum and perhapS
Wculus Plentrionalis.

.
Vol xvnl-‘NO. 3.
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ExrrLaNATION OF PrLATES II-IV.

Abbreviations used: ¢, epidermis; ¢, cortex: ¢n, endodermis; ¢ ¢, central &f

inder; x, xylem; g4, phloem; p/ plerome; p, periblem; d ¢, dermocalyp
' y ) . " ; » 2, Peribliem, ' x .

All figares of transections of roots were from camera lucida drawings; otf'.%
figares the outline was from camera lucida drawings and the details were putss
hand. The scale of magnification is indicated with most figures, the line 4%

L

being the magnification of . yom for the lower powers of the microscope, 2

-O1T™™ for the higher powers. Of the drawings of transections of the

shown in figs. 1 to 25, two draw; h section, one fn*
K NIRHoE Sowe 5. two drawings have been made of eac the 318

e r of the microscope, showing the central cylindez:, with
and phloem masses, x and p%, the surrounding conjunctive paret

: , T
the enclosing endodermis, 2, and generally one or more rows of cortex o2l

the other from a 3¢in objective simply to show general plan of struct m“"“

relative proportion of cortex and central cylinder, hence only part of
are drawn. S
S.——-Flﬁ'S'

2 T SRy us aquatilis, var. trichophyliu
gﬁ"‘l“‘;f“‘?; L g, 5 O Rasunculus aceis.—Figa gu w"“'
5 Mispidus. —Figs, 9, 10, ' 2 __Figs. 11,12
culus multifidus, 85 9 Ranunculus fascicularis.—Fig
16, Anemon®

. | - 13, 14. Hepatica acutiloba.—Figs. 15, i
gilana. —Figs, 17, 18. Caltha palustris.—Figs, 19, 21. Act®3 s

root.—Fig. 20, Act : ' ol
. 20, ®a spicata, var. —Figs. 22, 23. Aco
boracense. O g o e e

. The*
: Thalictrum polygamum, young root.—F1g- #9-.
um dioicum, older root.—F ig. 30? y%{anuncu)l’us sgceleratus. roo W,’mdn

nsylvanicus, root tip.—Fig. 32. Aconitum No

2 + 33- The same, diagrammatic ﬁgure;—_’_//




